SPECIFICATION 



ELECTRONIC CIRCUIT DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the invention 

The present invention relates to an electronic circuit 
device for light input, and particularly, relates to an 
electronic circuit device for light input, which has been 
constituted by forming a thin film transistor on a transparent 
substrate such as substrate made of quartz, glass, plastic, 
and the like. Moreover, the present invention relates to an 
electronic device such as a computer or the like constituted 
with the electronic circuit devices. 

2. Description of related art 

At the present day, the inf ormarization has been 
furthermore progressing by the progresses of electronic devices . 
It is expected that this tendency will be further promoted from 
now on. In general, an electronic circuit device which configures 
an electronic device and is popular among the people at present 
configures the circuit on a printed circuit board . Specifically, 
a metal such as copper (Cu) or the like is galvanized on a substrate 
formed with glass epoxy or the like, and then, a wiring which 
is a part is formed by etching it . Then , after the printed circuit 
board has been formed, an electronic part such as a LSI (Large 
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Scale Integrated circuit), a resistance, a condenser or the 
like is inserted and connected by performing the soldering. 
As for such a printed circuit board, a method of fabricating 
it is easy and is frequently used. 

Moreover, on the other hand, the performance of 
electronic devices has been enhanced from the viewpoint of the 
operation rate, and further the enhancement of the operation 
rate has been required. 

In Fig. 10, the conventional well known electronic 
circuit device will be described below. The conventional 
electronic circuit device shown in Fig. 10 is configured with 
electronic substrates 1001, 1002, and 1003. The electronic 
substrate 1001 is fabricated by the procedure that a cupper 
(Cu) foil is patterned on a glass epoxy substrate, electronic 
parts 1010-1020 such as a LSI (Large Scale Integrated circuit) , 
a resistance, a condenser and the like are disposed, and 
connected. In the case of electronic substrates 1002 and 1003, 
these are also similarly fabricated. Moreover, the electronic 
substrate 1001 is also inserted into sockets 1004, 1005 and 

1006, and the sockets are connected to each other via wirings 

1007, 1008. And a wiring 1009 is connected to an external 
circuit . 

In the conventional electronic circuit devices as 
described above , there have been the following problems : first , 
there has been a case where a strong electromagnetic wave is 
generated from a LSI or the like which has been mounted on the 
electronic circuit substrate. Moreover, a strong 
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electromagnetic wave has been also generated in a connecting 
line for connecting electronic circuit substrates as well as 
the electronic circuit substrate. There have been problems that 
such an electromagnetic wave has a bad influence on the other 
electronic parts (not shown) which is located at the external 
of the electronic circuit device, wrong operations of these 
are caused, the performance becomes worse, and so forth. Such 
problems have significantly manifested in their severe forms 
as the electronic circuit operates at higher rate and as the 
scale of the electronic circuit becomes larger. 

SUMMARY OF THE INVENTION 

An ob j ect of the present invention is to solve the problems 
such as the occurrence of noises and the occurrence of wrong 
operations caused by such an electromagnetic wave. 

In order to solve the above -described problems, in the 
present invention, an electronic circuit substrate which 
configures an electronic circuit device is configured with a 
transparent substrate, the signal is made optically inputted, 
an optical shutter or an optical sensor is provided and set 
on the transparent substrate, and the transmission and receiving 
of a signal are performed using a light , whereby the occurrence 
of unnecessary electromagnetic waves is prevented. 

An electronic circuit device of the present invention 
comprises a plurality of transparent substrates , and an optical 
sensor and an optical shutter are formed on the substrate. An 
optical signal is inputted from the external to the electronic 
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circuit device, the optical signal is directly irradiated on 
the optical sensor disposed on the transparent substrate or 
the optical signal is transmitted through the transparent 
substrate and inputted into an optical sensor disposed on the 
other substrate. The optical sensor converts the optical signal 
into an electric signal, and the circuit disposed on the 
substrate is operated. The output of the circuit controls the 
optical shutter, the input of light is carried out from the 
external to this optical shutter, and whether the light has 
been transmitted through the optical shutter or the light has 
been interrupted is determined, thereby taking out a signal. 
In this way , the unnecessary occurrence of electromagnetic waves 
is prevented by performing the input and output using an optical 
signal . 

The present invention is characterized in that in an 
electronic circuit device having a plurality of electronic 
circuit substrates on which either of an optical shutter or 
an optical sensor is disposed, or both of them are disposed, 
the foregoing plurality of electronic circuit substrates 
comprise a transparent substrate, an optical signal is inputted 
from the external, the foregoing optical signal which has been 
inputted is inputted into the optical shutter or the optical 
sensor disposed on a transparent substrate which is different 
from the foregoing substrate after the foregoing optical signal 
has been transmitted through at the least one or more foregoing 
transparent substrates , the foregoing optical shutter controls 
the transmission and non-transmission of the foregoing optical 
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signal and the optical sensor converts the foregoing optical 
signal into an electric signal by an electronic circuit on the 
same transparent substrate with the foregoing optical sensor. 

The present invention is characterized in that in an 
electronic circuit device having a plurality of transparent 
substrates on which either of an optical shutter or an optical 
sensor is disposed, or both of them are disposed, said plurality 
of transparent substrates have been laminated, an optical signal 
is inputted from the external, the foregoing optical signal 
which has been inputted is inputted into the optical shutter 
or the optical sensor on the transparent substrate which is 
different from the foregoing substrate after the foregoing 
optical signal has been transmitted through at the least one 
or more foregoing transparent substrates , the foregoing optical 
shutter controls the transmission and non-transmission of the 
light, and the foregoing optical sensor converts the foregoing 
optical signal into an electric signal by the electronic circuit 
on the same transparent substrate with the foregoing optical 
sensor. 

The present invention is characterized in that in an 
electronic circuit device having a plurality of transparent 
substrates on which either of an optical shutter or an optical 
sensor is disposed, or both of them are disposed, an optical 
signal is inputted from the external, the foregoing optical 
signal is directly inputted into the optical shutter disposed 
on the transparent substrate or the foregoing optical signal 
is inputted into the optical shutter disposed on the transparent 
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substrate after the foregoing optical signal has been 
transmitted through the transparent substrate , in the case where 
the optical shutter has transmitted the foregoing optical signal , 
the optical signal which has been transmitted through the optical 
shutter is directly inputted into the optical sensor disposed 
on the transparent substrate or the optical signal is inputted 
into the optical sensor disposed on the transparent substrate 
after the optical signal has been transmitted through a 
transparent substrate which is different from the foregoing 
substrate . 

The present invention is characterized in that in an 
electronic circuit device having a plurality of transparent 
substrates on which either of an optical shutter or an optical 
sensor is disposed, or both of them are disposed, by an electronic 
circuit disposed on the transparent substrate, the foregoing 
optical shutter is controlled, the optical signal which has 
been inputted from the external is inputted into the foregoing 
optical shutter, whether the foregoing optical signal has been 
transmitted through it or not is determined, thereby taking 
out the output signal of the foregoing electronic circuit . 

The present invention is characterized in that in an 
electronic circuit device having a plurality of transparent 
substrates on which either of an optical shutter or an optical 
sensor is disposed, or both of them are disposed, the foregoing 
transparent substrate has been laminated, and then, by an 
electronic circuit on the foregoing transparent substrate, the 
foregoing optical shutter is controlled, the optical signal 
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which has been inputted from the external is inputted into the 
foregoing optical shutter, and whether the foregoing optical 
signal has been transmitted or not transmitted through the 
foregoing optical shutter is determined, thereby taking out 
the output signal of the foregoing electronic circuit. 

The present invention is characterized in that in a 
configuration of the above -described present invention, an 
electronic circuit on a transparent substrate is configured 
with a thin film transistor. 

In the above -described configuration of the present 
invention, an electronic circuit disposed on the transparent 
substrate is characterized in that the foregoing electronic 
circuit is configured with a thin film transistor and a single 
crystal IC (Integrated Circuit) chip. 

In the above-described configuration of the present 
invention, an optical sensor disposed on the transparent 
substrate is characterized in that the foregoing optical sensor 
is an amorphous silicon photodiode, or an amorphous silicon 
phototransistor . 

In the above-described configuration of the present 
invention, an optical sensor disposed on the transparent 
substrate is characterized in that the foregoing optical sensor 
is a polysilicon (p-Si) photodiode, or a polysilicon 
phototransistor . 

In the above -described configuration of the present 
invention, an optical sensor disposed on the transparent 
substrate is characterized in that the foregoing optical sensor 
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is a single crystal silicon photodiode, or a single crystal 
silicon phototransistor • 

In the above -described configuration of the present 
invention, the foregoing optical shutter is characterized in 
that it is composed of a liquid crystal which has been sandwiched 
between two sheets of transparent substrates. 

In the above -described configuration of the present 
invention, the foregoing transparent substrate is 
characterized in that on the foregoing transparent substrate, 
a deflection plate is disposed, and the foregoing deflection 
plate is disposed only nearby the optical shutter. 

The present invention is characterized in that in a 
computer having a plurality of arithmetic and logic units which 
is configured with a thin film transistor and a plurality of 
storage devices disposed on a plurality of transparent 
substrates, the exchange of electronic information performed 
between the foregoing substrates is carried out by an optical 
shutter and an optical sensor controlled by the thin film 
transistors • 

The present invention is characterized in that in a 
computer having a plurality of arithmetic and logic units which 
is configured with a thin film transistor and a plurality of 
storage devices disposed on a plurality of transparent 
substrates , the exchange of electronic information performed 
between the foregoing substrates is carried out in parallel 
by an optical shutter and an optical sensor controlled by the 
thin film transistors . 
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BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present invention 
and the advantages thereof, reference is now made to the 
following detailed description taken in conjunction with the 
accompanying drawings , in which : 

Fig.l is a diagram showing the configuration of an 
electronic circuit device of the present invention; 

Fig. 2 is a diagram showing a signal input section of the 
present invention ; 

Fig .3 is a diagram showing a signal output section of 
the present invention; 

Fig. 4 is a diagram showing a signal connection section 
of the present invention; 

Fig. 5 is a diagram showing Example of a transparent 
substrate of the present invention; 

Fig. 6 is a graphical representation showing a 
voltage-current characteristic of a photodiode characteristic 
of an optical sensor of the present invention; 

Fig. 7 is a diagram showing a signal input section of the 
present invention ; 

Fig. 8 is a diagram showing a signal input section of the 
present invention; 

Fig. 9 is a diagram showing a signal input section of the 
present invention ; 

Fig. 10 is a diagram showing a conventional electronic 
circuit device ; 
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Fig. 11 is a diagram showing a circuit of an optical sensor 
of the present invention; 

Fig. 12 is a diagram showing a circuit of an optical sensor 
and a DFF (Delayed Flip Flop) of the present invention; 

Fig. 13 is a cross sectional view of an optical sensor 
of the present invention; 

Fig. 14 is a cross sectional view of an optical shutter 
of the present invention; 

Fig. 15 is a diagram showing a timing chart of an optical 
sensor and a DFF (Delayed Flip Flop) of the present invention; 

Fig . 16 is a diagram showing a circuit of an optical shutter 
of the present invention; 

Fig . 17 is a diagram showing a circuit of an optical shutter 
of the present invention; and 

Fig. 18 is a diagram showing an application of the present 
invention to a computer. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Hereinafter, an electronic circuit device of the present 
invention will be described in detail with reference to the 
drawings . 

Fig.l shows a configuration of the present invention. 
In the present invention, an electronic circuit is formed on 
a transparent substrate such as a glass substrate, a quartz 
substrate, a plastic substrate and the like. In Fig.l, an 
electronic circuit device of the present invention is configured 
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with four sheets of transparent substrates 101, 102 , 103 and 
104, but it is not limited to these, the number of substrates 
may be made more or less. 

An optical signal is inputted from an external light 
source (not shown) into the transparent substrates 101-104. 
In Fig.l, optical signals are shown as luminous fluxes 109-114 • 
On the transparent substrates 101-104, electronic circuits 
105-108 which have been configured with a thin film transistor 
and the like are formed. In Fig.l, an electronic circuit is 
disposed at the center of the transparent substrate, however, 
an electronic circuit in the present invention is not limited 
to this, the electronic circuit may be disposed at any position 
on the substrate. 

Moreover, any of optical signals of Fig.l has been 
inputted nearby the outer periphery of the transparent substrate , 
however, an electronic circuit device of the present invention 
is not limited to this, the position of the light input may 
be freely set at any position on the substrate. 

Next, the input of a signal of the present invention 
will be described below. In the present invention, an input 
signal is inputted as an optical signal . In the present invention , 
an interface of input and output is configured with an input 
section, an output section, an interface within the device. 
Depending on a configuration, it may be configured with one 
or two sections out of these three. 

First, a light input section will be described below. 
Fig. 2 shows an input section and a cross sectional view of a 
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transparent substrate. An optical signal is inputted from 
external light sources 21-24 . First , the optical signal emitted 
from the light source 21 is transmitted through the transparent 
substrate 201, and irradiated on an optical sensor 205 which 
is disposed on the transparent substrate 202 . The optical sensor 

205 converts an optical signal into an electric signal, and 
outputs the electric signal which has been converted to an 
electric circuit disposed on the transparent substrate 202. 
An optical signal emitted from a light source 22 is transmitted 
through the transparent substrates 201, 202, and irradiated 
on an optical sensor 207 which is disposed on the transparent 
substrate 203 . The optical sensor 207 converts an optical signal 
into an electric signal, and outputs the electric signal which 
has been converted to an electric circuit disposed on the 
transparent substrate 203. 

The optical signal emitted from a light source 23 is 
irradiated on the optical sensor 204 which is disposed on the 
transparent substrate 201. The optical sensor 204 converts an 
optical signal into an electric signal, and outputs the electric 
signal which has been converted to an electronic circuit disposed 
on the transparent substrate 201. The optical signal emitted 
from a light source 24 is transmitted through the transparent 
substrate 201 , and is irradiated on the optical sensor 206 which 
is disposed on the transparent substrate 202 . The optical sensor 

206 converts an optical signal into an electric signal, and 
outputs the electric signal which has been converted to an 
electric circuit which is disposed on the transparent substrate 



12 



202. 

In this way, the optical signals inputted from the light 
sources 21-24 are converted into electric signals on the 
transparent substrates by the sensors 204-207. Since it is 
eliminated that an electric signal is redundantly decompressed 
as being the conventional example, problems such as noise and 
the like which have been conventionally problems are capable 
of being eliminated. 

Next, the configuration of the output section is shown 
in Fig . 3 . As Fig . 3 being similar to Fig . 2 , cross sectional views 
of the respective transparent substrates are shown. The output 
section is a portion that functions to take out the outputs 
of the respective transparent substrates to the external works . 
As for an optical signal inputted from a light source 31, it 
is determined whether the optical signal is transmitted through 
or not by an optical shutter 304 disposed on the transparent 
substrate 301 . The optical shutter 304 is controlled by a signal 
of the electric circuit disposed on the transparent substrate 
301. If the optical shutter has not transmitted the optical 
signal, an optical signal of the light source 31 is not 
transmitted to the transparent substrate 301 and thereafter. 
Moreover, if the optical shutter has transmitted the optical 
signal, the optical signal of the light source 31 is transmitted 
through the transparent substrates 301 , 302 and 303 , and reaches 
to the optical sensor 308 , where the optical signal is converted 
into an electric signal, and then outputted to the external. 

Similarly, an optical signal emitted from a light source 
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32 is transmitted through the transparent substrates 301, 302 , 
and is inputted into an optical shutter 307. Now, in the case 
where the optical shutter 307 is controlled by an electric 
circuit disposed on the transparent substrate 303, and it has 
been transmitted, it is transmitted through the transparent 
substrate 303, is inputted into the optical sensor 309, and 
is converted into an electric signal, and outputted. Moreover, 
optical signals emitted from the light sources 33, 34 pass 
through the transparent substrate 301, and are inputted into 
the optical shutters 305, 306. The optical shutters 305, 306 
are controlled by an electric circuit disposed on the transparent 
substrate 302, and in the case where it has been determined 
that these are transmitted through the substrate, these optical 
signals are transmitted through the transparent substrates 302 , 
303 , are converted into electric signals by the optical sensors 
310, 311, and outputted. In this way, the output of the electronic 
circuit is capable of being taken out to the external. 

Next , an interface of a signal between the transparent 
substrates will be described below. Although the explanation 
will be described with reference to Fig. 4, also here, cross 
sectional views of the respective transparent substrates are 
shown as being similar to Fig . 2 and Fig . 3 . First , the case where 
a signal on the transparent substrate 401 is transmitted to 
a circuit disposed on the transparent substrate 402 will be 
described below. Whether an optical signal outputted from a 
light source 41 is transmitted or is not transmitted is 
controlled by the optical shutter 404 disposed on the transparent 
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substrate 401, and the optical shutter 404 is controlled by 
an electric circuit disposed on the transparent substrate 401. 
In the case where it has been determined that the optical signal 
is transmitted, the optical signal emitted from the light source 
41 is transmitted through the transparent substrate 401, is 
inputted into an optical sensor 408 disposed on the transparent 
substrate 402, converted into an electric signal and inputted 
into an electric circuit disposed on the transparent substrate 
402. In this way, a signal of the transparent substrate 401 
is capable of being transmitted to an electric circuit disposed 
on the transparent substrate 402. 

Next , the case where a signal on the transparent substrate 

401 is transmitted to a circuit disposed on the transparent 
substrate 403 will be described below. In the case where whether 
the light inputted from a light source 42 is transmitted or 
not transmitted is controlled by an optical shutter 405 disposed 
on the transparent substrate 401, and it has been determined 
that the light is transmitted through the substrate, it is 
transmitted through the transparent substrates 401, 402, and 
inputted into an optical sensor 409 disposed on the transparent 
substrate 403 . The optical sensor 409 converts the optical signal 
into an electric signal, and inputs it into an electric circuit 
disposed on the transparent substrate 403. 

Next , the case where a signal on the transparent substrate 

402 is transmitted to a circuit disposed on the transparent 
substrate 403 will be described below. In the case where the 
light inputted from a light source 43 is transmitted through 
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the transparent substrate 401 , whether the light inputted from 
the light source 43 is transmitted or not transmitted is 
controlled by an optical shutter 406 disposed on the transparent 
substrate 402, and it has been determined that the light is 
transmitted through the substrate, it is transmitted through 
the transparent substrates 402, and inputted into an optical 
sensor 410 disposed on the transparent substrate 403 . The optical 
sensor 410 converts the optical signal into an electric signal, 
and inputs it into an electric circuit disposed on the 
transparent substrate 403. 

Next , the case where a signal on the transparent substrate 
402 is transmitted to a circuit disposed on the transparent 
substrate 401 will be described below. In the case where the 
light inputted from the light source 44 is transmitted through 
the transparent substrate 403, whether the light inputted from 
the light source 44 is transmitted or not transmitted is 
controlled by an optical shutter 407 disposed on the transparent 
substrate 402, and it has been determined that the light is 
transmitted through the substrate, it is transmitted through 
the transparent substrates 401, and inputted into an optical 
sensor 41 1 disposed on the transparent substrate 401 . The optical 
sensor 411 converts the optical signal into an electric signal, 
and inputs it into an electric circuit disposed on the 
transparent substrate 401. 

As described above , in the present invention , an electric 
wiring between substrates is not used, but an optical signal 
is used, thereby realizing the exchange of data between 



16 



substrates. Owing to this, the problems such as noises caused 
by unnecessary electromagnetic waves as described above and 
the like can be solved. 

What is shown in Fig. 5 is Embodiment in which a plurality 
of optical paths of the present invention are disposed not on 
the periphery of the substrate , but on almost all of the substrate 
including the area nearby the center. In this way, in the present 
invention, it is not made so that a signal is taken out using 
a wiring from the end portions of the substrate as the 
conventional print substrates , but the input and output of a 
signal is capable of being carried out from any point on the 
substrate only if the light is transmitted. Hence, the 
limitations of the number of wirings become less comparing to 
those of the conventional print substrate, and many signals 
are capable of being processed in parallel. 

Moreover, if the number of signals which are processed 
in parallel is increased, by that portion, the frequency of 
the signals is capable of being lowered. For example, in the 
case where 100 millions of data information units are transmitted 
per second, if the number of the transmission paths is 10 # 10 
millions of data information units must be transmitted through 
one transmission path, therefore, it is necessary to make the 
frequency 10 MHz, but if the number of the transmission paths 
is 1000, since only 100 thousands of data information units 
are transmitted through one path, the frequency can be lowered 
to the level of 100 KHz. 

In this way, the frequency is capable of being lowered 
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since many parallel processes are capable of being carried out , 
and the electromagnetic noises which have been a problem of 
the conventional techniques are capable of further being reduced . 
Moreover, Fig. 5 shows Embodiment in the case where a computer 
is manufactured by utilizing the present invention, and it is 
configured with arithmetic circuit substrate 501, memory 
substrates 502, 503 and 504. The exchange performed between 
the arithmetic circuit and the memory circuit can be simplified 
by carrying out the parallel processes using an optical signal. 
505, 506, 507 and 508 are arithmetic circuits which function 
as light interfaces , which receive an optical signal and convert 
it into an electric signal. 509, 510, 511 and 512 are beams 
inputted via the light interface. 

Examples 

Hereinafter, Examples of the present invention will be 
described. 

Example 1 

First, the light input section of the present invention 
will be described below with reference to Fig. 7 . Fig. 7 has been 
further embodied from Fig. 2 . In the present Example, two sheets 
of transparent substrates configuring a circuit substrate are 
used as a unit. This is because the optical shutter described 
later is composed of a liquid crystal. As the ordinary skilled 
person in the art knows well, the liquid crystal panel is 
fabricated by injecting a crystal liquid material into the cell 
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gap in width of several fxm, the transmittance of the light is 
controlled by the applied voltage and the liquid crystal 
functions as an optical shutter. The light input section shown 
in Fig. 7 does not need the function of a crystal liquid, however, 
since the fabrication of the substrate becomes easier if a 
crystal liquid is injected on the entire surface of the substrate , 
in the present Example, a crystal liquid has been injected. 
Although the fabrication becomes complex, a configuration in 
which the liquid crystal is eliminated from the light input 
section is also capable of being employed. In such a case, only 
the position where the optical shutter exists is surrounded 
with a sealing material, and the liquid crystal may be injected 
into only that portion. 

The light emitted from a light source 71 reaches to an 
optical sensor 711 after the light has been transmitted through 
a transparent substrate 701, a liquid crystal 702, transparent 
substrates 703 , 704 , and a liquid crystal 705 . The light emitted 
from a light source 72 reaches to an optical sensor 713 after 
the light has been transmitted through the transparent substrate 
701, the liquid crystal 702, the transparent substrates 703, 
704, the liquid crystal 705, transparent substrates 706, 707, 
and a liquid crystal 708. The light emitted from a light source 
73 reaches to an optical sensor 710 after the light has been 
transmitted through the transparent substrate 701, and the 
liquid crystal 702. Similarly, the light emitted from a light 
source 74 reaches to an optical sensor 712 after the light has 
been transmitted through the transparent substrate 701, the 
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liquid crystal 702, the transparent substrates 703, 704, and 
the liquid crystal 705, 

Example 2 

The portion of an optical sensor depicted in Fig. 7 will 
be described in detail below- In Fig, 11, a diagram depicting 
a circuit of the optical sensor portion according to the present 
invention is shown. In the present invention, an optical sensor 
is conf iguredwith aphotodiode . This operation will be described 
below with reference to Fig . 11 . First , a reset pulse is inputted 
into a reset transistor 1105. Herein, since a TFT (Thin Film 
Transistor) of Pch (P-channel polarity) is used for this reset 
transistor, the signal is active- low. When this reset transistor 
1105 is turned ON, the cathode potential of a photodiode 1101 
is raised to the level of potential of the electric source. 
At this time, a holding capacitance 1102 is also similarly raised 
to the level of potential of the electric source. This holding 
capacitance 1102 may not be particularly mounted if the 
capacitance of the photodiode 1101 is large. Next, the reset 
pulse becomes high, and the reset transistor 1105 is turned 
OFF. 

In the case where the light is not inputted, if the amount 
of leakage of the reset transistor 1105 and the inverter for 
buffer 1103 is sufficiently small, the cathode potential of 
the photodiode 1101 is held as it is. 

Next , when the light is inputted, a current flows through 
the photodiode 1101, and the charge of the holding capacitance 
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is drawn to the GND (ground) . In this way, the output potential 
of the photodiode 1101 is going to be lowered when the light 
is inputted, and is outputted via inverters 1103, 1104 which 
lead to the output of the photodiode 1101 . In Fig . 6 , a schematic 
diagram of the photodiode characteristic is shown. When the 
reverse bias has been applied to the photodiode 1101, 
approximately constant current flows regardless of voltage, 
and the current is controlled by the amount of light irradiated. 
It should be noted that a photodiode of the present Embodiment 
of the present invention is not limited to a photodiode, a photo 
detector using the other methods might be employed . Specifically , 
an optical sensor may be made of amorphous silicon, polysilicon 
(p-Si), single crystal silicon, or the other semiconductor 
materials. Moreover, as for an element structure, not only 
photodiode but also phototransistor may be used. 

Moreover, in Fig. 12 , Example of a circuit in which a 
plurality of photodiodes are used, its data is taken using a 
latch pulse and memorized is shown. Fig. 12 shows Example in 
which a plurality of circuits shown in Fig. 11 are disposed, 
DFFs (Delayed Flip Flops) 1210, 1211 and 1212 were connected 
after reset transistors 1201, 1202 and 1203, photodiodes 
1204,1205 1206, and buffer circuits 1207, 1208 and 1209. Fig. 15 
shows a timing of the circuit shown in Fig. 12. Hereinafter, 
an operation will be described with reference to Fig. 15. 

Fig.lSA represents a reset pulse for the purpose of 
driving a reset transistor 1201, and as described above, in 
the case where the Pch TFT ( Thin Film Transistor having P- channel 



21 



polarity) is employed for the reset transistor 1201, it becomes 
active-low. When the reset transistor 1201 is turned ON, the 
cathode potential of the photodiode 1204 is raised up to the 
level of potential of the electric source. When the reset pulse 
becomes high, and the reset transistor 1201 is turned OFF, the 
behavior after that is changed depending upon whether the light 
irradiation has been carried out or not. Fig.ISC represents 
the existence of the light irradiation or non-existence of the 
light irradiation, in the case where the reset is high, it 
represents that the light irradiation has been carried out, 
and in the case where the reset pulse is low, it represents 
that the light irradiation has not been carried out. Fig.l5D 
represents a cathode potential of the photodiode 1204, and in 
the case where the light irradiation has been carried out, the 
voltage is going to be lowered as the reset transistor 1201 
is turned OFF. 

Fig.l5E represents a reset pulse that the output of the 
photodiode 1204 has been transmitted through the buffer circuit 
1207 of the inverter, and the cathode potential of the photodiode 
1204 is turned in reverse around the intermediate point between 
the electric source and the GND (ground=0), and the output of 
the buffer circuit 1207 is going to be changed from a high 
potential to a low potential. On the other hand, in the case 
where the light irradiation has not been performed, since the 
photodiode 1204 does not electrically discharge, when the reset 
transistor 1201 is turned OFF, the cathode potential of the 
photodiode 1204 is held as it is, and the output of the buffer 
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circuit 1207 remains as it is . Fig. 15B represents a latch pulse, 
when the latch pulse is high, the DFF 1210 takes the output 
of the buffer circuit 1207 into it, and holds it until the latch 
pulse is inputted subsequently. In this way, the irradiated 
optical signal is converted into an electric signal. 

Example 3 

Fig. 13 shows a cross sectional view of aphotodiode formed 
on the transparent substrate. In Fig. 13, an optical sensor 
that has been configured with photodiodes of amorphous silicon 
and a TFT (Thin Film Transistor) is shown. Hereinafter, Fig. 13 
will be described. In the present Example, a TFT (Thin Film 
Transistor ) and a photodiode are formed by the following method : 
first, an over coat film 1305 is formed on a glass substrate 
1304 . As for this film, an oxide film or a nitride film is formed 
by a CVD (Chemical Vapor Deposition) method. Next, amorphous 
silicon is formed into a film in a similar manner by the CVD 
(Chemical Vapor Deposition) method. An amorphous silicon film 
is crystallized by a laser annealing method, or by a thermal 
annealing method. In this way, a polysilicon (p-Si) film can 
be formed. Next, islands 1306, 1307 and 1308 are formed by 
patterning the film made of polysilicon (p-Si) . Then, a gate 
insulating film 1309 is formed by a CVD (Chemical Vapor 
Deposition) method. 

Then, as a metal which is to be a gate electrode, that 
is , as a metal for gate electrode which is formed into a film 
by a sputtering method, Al (Aluminum), Ta (Tantalum), W 
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(Tungsten) and the like are used. After gate electrodes 1310, 
1311 and 1312 have been formed by patterning, an impurity for 
a source and a drain is doped using a mask by means of photoresist . 
After an impurity for Nch (N- channel polarity) has been doped 
into an Island 1308, and an impurity for Pch ( P -channel polarity ) 
has been doped into Islands 1306, 1307, the activation of the 
impurities is performed by a laser annealing method or by a 
thermal annealing method. Subsequently, a first inter layer 
film 13 1 3 is formed and the opening of a contact hole is performed . 

Furthermore, a metal film for a source and a drain is 
formed and patterned, thereby forming electrodes 1314, 1315 
and 1316 of sources and drains. The metal film is configured 
with a laminated film of a barrier metal and aluminum. By the 
procedure described above, a TFT (Thin Film Transistor) for 
reset 1301, TFTs (Thin Film Transistors) for inverter 1302, 
1303 are formed. Next, as a second inter layer film, a nitride 
film 1317 and a resin film 1318 are formed, and a contact hole 
is opened. Then, a cathode electrode of photodiode 1319 is formed. 
Subsequently, an amorphous film is formed and patterned, thereby 
forming a photodiode 1320. Next, an anode electrode 1321 is 
formed. Furthermore, a third inter layer film 1322 is formed 
and a contact hole is opened. Next, ITO (Indium Tin Oxide) is 
formed into a film and patterned, thereby forming a wiring 1323 
for connecting the anode of the photodiode and the circuit of 
the TFT (Thin Film Transistor). This ITO (Indium Tin Oxide) 
is to be a liquid crystal electrode in an optical shutter 
described later. By the steps described above, a circuit of 
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an optical sensor is completed. 



Example 4 

Next, an example in which Example shown in Fig. 3 has 
been further embodied is shown in Fig. 8. The light emitted from 
a light source 81 is inputted into an optical shutter configured 
with deflection plates 813, 814, a liquid crystal 802, and 
electrodes 821, 822. Now, if a circuit made by means of a TFT 
(ThinFilm Transistor ) has beenf ormed on a transparent substrate 
803, an electrode 821 is made fixed potential, the potential 
of an electrode 822 is controlled by the circuit disposed on 
the substrate 803, an electric field involving in the liquid 
crystal on the electrode is controlled, thereby capable of 
determining whether the light emitted from the light source 
81 is transmitted through or interrupted. In the case where 
the light has been transmitted through it, the light is 
transmitted through the transparent substrates 804, 806, 807, 
809 and 810, reaches to the optical sensor 829, where an optical 
signal is converted into an electric signal. Here, an optical 
sensor may be the configuration described above. Moreover, a 
liquid crystal is not necessary to be inputted into a pair of 
substrates configured with transparent substrates 810, 812 on 
which an optical sensor is provided. In this way, a signal of 
the circuit configured on the transparent substrate 803 is 
capable of being transmitted to the circuit configured on the 
transparent substrate 812 via the light emitted from the light 
source 81. 



25 



Next, the light emitted from a light source 82 is 
transmitted through the transparent substrates 801 # 803, 804 
and 806, and inputted into an optical shutter which has been 
configured with deflection plates 815, 816, electrodes 823, 
824 and a liquid crystal 808. The fixed potential is applied 
to the electrode 823, the potential of the electrode 824 is 
controlled by a circuit formed on the substrate 809, thereby 
controlling the transmission or interruption of the light 
emitted from the light source 82. In the case where the light 
has been transmitted through it, it is transmitted through the 
transparent substrate 810, inputted into an optical sensor 830 
and converted into an electric signal. 

Next, the optical signal emitted from a light source 
83 is transmitted through the transparent substrates 801, 803, 
and inputted into an optical shutter consisting of the deflection 
plates 817, 818, and electrodes 825, 826 and the liquid crystal 
805. The fixed potential is applied to the electrode 825, the 
potential of the electrode 826 is controlled by a circuit formed 
on the transparent substrate 806, and the transmission and 
interruption of the optical shutter are controlled. The light 
which has been transmitted through the optical shutter is 
transmitted through the transparent substrates 807, 809 and 
810, inputted into the optical sensor 831 and converted into 
an electric signal. The optical signal inputted into a light 
source 84 is also similarly converted into an electric signal 
in the optical sensor 832. In this way, the output of the 
respective transparent substrates is capable of being collected 
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on the substrate 812 via the light. 



Example 5 

In Fig. 16, a circuit diagram of a portion that is to 
be an optical shutter is shown. Since it is not necessary to 
use the intermediate voltage as the active drive of TN liquid 
crystal which represents a half tone using the intermediate 
section in the characteristic of transmittance versus applied 
voltage, the voltage for applying to the liquid crystal may 
be binary. Hence, a liquid crystal material which is endurable 
for a high rate operation such as FLC (Ferroelectric Liquid 
Crystal) and the like which are endurable for higher rate 
operation than a TN liquid crystal is capable of being used. 
Needless to say, in the case where a higher response rate is 
not required, a TN liquid crystal and the like may be employed. 

In Fig. 16, a liquid crystal element 1603 is driven via 
buffer circuits 1601 , 1602 of the inverter using a control signal 
which opens and closes the optical shutter. When a switch 1604 
is turned ON, and a switch 1605 is turned OFF, the control signal 
is at a high value, and when a material which is normally white 
colored is used for a liquid crystal, the liquid crystal optical 
shutter interrupts the light. When the control signal is at 
the low value, since the applied voltage to the liquid crystal 
is 0 V, the optical shutter transmits the light. 

Since liquid crystal elements deteriorate if the 
specific voltage is applied for a long time, the voltage applied 
to the liquid crystal is turned in reverse by means of switches 

27 



1604, 1605- In this case, since the display is not seen by human 
beings as the usual liquid crystal display device, it is not 
necessary to turn in reverse at a frequency equal to or more 
than 60 Hz as the flicker countermeasures . It may be lower 
frequency. Moreover, if it is a liquid crystal material which 
tends to be less deteriorated even if the specific voltage is 
applied , it is also possible to stop turning in reverse . Moreover , 
in the case where the turning in reverse drive of the liquid 
crystal is performed, it is also necessary to turn a control 
signal in reverse along with the reverse signal. 

In Fig. 17 , an example in the case where a DRAM type drive 
is performed using a switch transistor and capacitance so that 
it may be used in an active matrix type liquid crystal display 
device is shown. A control signal for opening and closing the 
optical shutter is inputted from the control signal input 1. 
Moreover, a write signal for writing a control signal into a 
liquid crystal element 1706 and a holding capacitance 1707 is 
inputted from control signal input 2. When the high value is 
inputted into control signal input 2, a write transistor 1705 
is turned ON, the potential of a liquid crystal 1706 is connected 
to a buffer circuit 1702 of the control signal 1 , and the output 
potential of the buffer circuit 1702 is written into the liquid 
crystal 1706 and the holding capacitance 1707 . In this example, 
it is necessary to refresh by turning ON the write transistor 
1705 periodically similarly to the DRAM. Switches 1708, 1709 
have a function for the purpose of preventing the liquid crystal 
material from being deteriorated similarly to Fig. 16. 
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In Fig. 14, a cross sectional view of an optical shutter is 
shown. Although the configurations of the respective layers 
are approximately the same with the cross sectional view of 
the optical sensor, the fact that a layer of photodiode does 
not exist makes it different from the optical sensor portion. 
Drains of a Pch TTF (Thin Film Transistor having P-channel 
polarity) 1402 and a Nch TFT (Thin Film Transistor having 
N- channel polarity) 1401 which configure the inverter is 
connected to a shutter electrode 1417, and are driven by the 
TFT 1402 and the TFT 1401. Although the shutter electrode 1417 
is formed with ITO (Indium Tin Oxide), if it is a transparent 
electrode, the material is not limited to ITO. A liquid crystal 
1418 is driven by a voltage between a counter electrode 1419 
and a shutter electrode 1417, and as described above, it is 
desirable that the counter electrode 1419 is turned in reverse 
with an alternating current in order to secure the reliability 
of the liquid crystal. 

Example 6 

Fig. 9 shows Example in which signals are exchanged 
between transparent substrates . The light emitted from the light 
source 92 is inputted into an optical shutter configured with 
deflection plates 912, 913, a liquid crystal 902 , and electrodes 
920, 921. The potential of the electrode 921 is controlled by 
a circuit configured on the transparent substrate 903, thereby 
controlling the transmission and interruption of the light. 
In the case where the light has been transmitted through the 
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optical shutter, the light is inputted into an optical sensor 
927 disposed on the transparent substrate 909, converted into 
an electric signal, and the signal processing is performed by 
a circuit disposed on the transparent substrate 909. 

The light emitted from a light source 93 is inputted 
into an optical shutter configured with deflection plates 914, 
915 , a liquid crystal 905 and electrodes 922 , 923 . The potential 
of the electrode 923 is controlled by a circuit formed on the 
transparent substrate 906, thereby controlling the 
transmission and interruption of the light. In the case where 
the light has been transmitted through the optical shutter, 
the light is inputted into the optical sensor 928 disposed on 
the transparent substrate 909 , converted into an electric signal , 
and the signal processing is performed by a circuit disposed 
on the transparent substrate 909. 

The light emitted from the light source 94 is inputted 
into an optical shutter configured with a deflection plates 
916, 917, a liquid crystal 905, electrodes 924, 925. The 
potential of the electrode 92 5 is controlled by a circuit 
configured on the transparent substrate 906, thereby 
controlling the transmission and interruption of the light. 
In the case where the light has been transmitted through the 
optical shutter, the light is inputted into the optical sensor 
929 disposed on the transparent substrate 903, converted into 
an electric signal, and the signal processing is performed by 
a circuit disposed on the transparent substrate 903. 
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Example 7 

Example of a computer using the present invention is 
shown in Fig. 18. On transparent substrates 1807-1814, an 
arithmetic circuit 1801, a memory circuit 1802, an optical 
shutters 1803, 1804, and optical shutters 1805, 1806 and the 
like are disposed . In the present invention , as described above , 
since the connection between substrates at any position on the 
substrate is capable of being performed using an optical signal, 
the exchange of a signal is capable of being carried out without 
being limited by the layout of the substrates. As for the 
connection between the arithmetic circuit and the memory circuit , 
the exchange of a signal is capable of being carried out without 
using the external bus wirings . Moreover , the number of exchanges 
between the substrates can be also markedly increased comparing 
to that of the conventional exchanges using print substrates. 
In this way, by utilizing the present invention, a massively 
parallel processing computer is capable of being configured. 

As shown in Fig. 18, since all of the outputs of memory 
circuits and the like can be outputted in the orthogonal 
direct ion with respect to the transparent substrate in a parallel 
processing computer using the present invention, the 
conventional failures in taking out the memory contents in serial 
order, that is, for example, such problems as the frequency 
increasing, a circuit for calling becoming complex and the like 
can be solved. 

As described above up to this point, in the present 
invention, an electronic circuit is formed with a TFT (Thin 
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Film Transistor) on a transparent substrate made of glass or 
plastic, not on a print substrate, and the electromagnetic noises 
generated from a signal line of an electric circuit are capable 
of being reduced by utilizing an optical signal, not using an 
electric signal for inputting and outputting a signal . Moreover , 
conventionally, the input and output of a signal have been 
performed into and from the periphery of the substrate , however , 
in the present invention, since the input and output of a signal 
has been capable of being performed into and from any position 
on the substrate by transmitting an optical signal , the parallel 
processing of the signal is capable of being carried out. In 
this way, the present invention has an effect of being capable 
of performing more parallel processes by means of optical 
signals . 
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